Continuous broiler litter applica tion over 6 years increased soil total C, N, microbial biomass C, and soil test P levels at both locations. However, soil bulk density was reduced at the highest bmiler litter application rates only at Coffeeville. Three years after broiler litter application was terminated, at rates greater than 2.2 Mg ha -I soil pH, total soil C and N. microbial biomass C, and soil test P levels were still greater than the control at Coffeeville location. In this study, we have shown that after 3 years broiler litter application to cotton resulted in positive residual effects on the soil nutrient pool and maintained soil fertility levels, particularly under no-till system. O ver the last several years, as agricultural input costs have narrowed grower's profits, interest in using poultry litter as an important source of plant nutrients has increased. Studies have documented that broiler litter application to row crops can increase yields in com (Zea mays L.) (Brown et aI., 1994; Wood et aI., 1999), soybean (Glycine max L.) (Adeli et aI., 2005), and cotton (Gossypium hirsutum L) (Tewolde et aI., 2007(Tewolde et aI., , 2005a(Tewolde et aI., , 2005b Mitchel1 and Tu, 2005). While poultry litter provides the traditional macronutrients (N, P, and K) needed by plants, it also increases soil organic matter or, more specifically, soil carbon content (Sistani et aI., 2004 : Roberson et al.. 2008 , the most important soil quality indicator (Larson and Pierce, 1991) . In creasing soil C improves soil chemical. physical, and biological properties (Adeli et a\.. 2007), while decreasing surface runoff up to 60% and erosion up to 65% (Gilley and Risse, 2000; Mueller et al.. 1984) . As results of these benefits, broiler litter improves soil quality better than commercial fertilizers and re sulted in a peak cotton yield increase of 12% as reported by Tewolde et al. (2010 668 I www.soilsci.com Unlike commercial fertilizer, which is 100% available for plant use, poultry litter is an organic fertilizer, and its derived nutrients, particularly N, are released slowly and persist in the soil beyond the first year ofapplication (Bitzer and Sims, 1988) . Because only a fraction of N in the manure may become avail able in the first year of application (Motavalli et al.. 1989; Eghball et aI., 2002), the residual effects (carry over) of long· term manure application may maintain crop yield when manure application is terminated (Eghbal et al.. 2004). The residual effects of long-term manure application on crop production and soil properties have been evaluated for feedlot cattle manure (Eghball et aI., 2004; Hao et al.. 2008; Wallingford et aI., 1975), dairy manure (Mugwira, 19790; Lund and Doss, 1980) , and swine manure (McAndrews et al.. 2006) . However, limited in formation is available about the residual effects of broiler litter on crop growth. For example. Malik and Reddy (2002) reported that application of broiler litter to cotton for 5 years increased com grain yield by 9% to 81 % and 24% to 202% compared with inorganic fertilizer and the control, respectively, I year after broiler litter applications ceased. Nyakatawa et al. (2001) also reported that the residual effect ofpoultry litter applied to cotton in conservation tillage systems at the rate of 200 kg N ha-I increased grain yield of com by 13% at 1 year after litter ter mination. None of these studies evaluated the residual effects of broiler litter on soil chemical and biological characteristics, which might have some contribution to the observed patterns of plant performance. To the best ofour knowledge, no information is available about the residual effects of broiler litter applica tions on soil chemical, physical, and biological characteristics particularly at the southeastern of United States, where 60% of total broiler litter is generated and having a sub-tropical con dition. Evaluation of residual effects of broiler litter on soil properties needs to be considered as this will provide valuable information for developing appropriate broiler litter manage ment practices for sustainable crop production and environ mental protection. The objective of our study was to determine the continuous and discontinuous (residual) effects of broiler litter application to cotton on soi I properties.
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Unlike commercial fertilizer, which is 100% available for plant use, poultry litter is an organic fertilizer, and its derived nutrients, particularly N, are released slowly and persist in the soil beyond the first year ofapplication (Bitzer and Sims, 1988) . Because only a fraction of N in the manure may become avail able in the first year of application (Motavalli et al.. 1989; Eghball et aI., 2002) , the residual effects (carry over) of long· term manure application may maintain crop yield when manure application is terminated (Eghbal et al.. 2004) . The residual effects of long-term manure application on crop production and soil properties have been evaluated for feedlot cattle manure (Eghball et aI., 2004; Hao et al.. 2008; Wallingford et aI., 1975) , dairy manure (Mugwira, 19790; Lund and Doss, 1980) , and swine manure (McAndrews et al.. 2006) . However, limited in formation is available about the residual effects of broiler litter on crop growth. For example. Malik and Reddy (2002) reported that application of broiler litter to cotton for 5 years increased com grain yield by 9% to 81 % and 24% to 202% compared with inorganic fertilizer and the control, respectively, I year after broiler litter applications ceased. Nyakatawa et al. (2001) also reported that the residual effect ofpoultry litter applied to cotton in conservation tillage systems at the rate of 200 kg N ha-I increased grain yield of com by 13% at 1 year after litter ter mination. None of these studies evaluated the residual effects of broiler litter on soil chemical and biological characteristics, which might have some contribution to the observed patterns of plant performance. To the best ofour knowledge, no information is available about the residual effects of broiler litter applica tions on soil chemical, physical, and biological characteristics particularly at the southeastern of United States, where 60% of total broiler litter is generated and having a sub-tropical con dition. Evaluation of residual effects of broiler litter on soil properties needs to be considered as this will provide valuable information for developing appropriate broiler litter manage ment practices for sustainable crop production and environ mental protection. The objective of our study was to determine the continuous and discontinuous (residual) effects of broiler litter application to cotton on soi I properties.
MATERIALS AND METHODS

Site Description
The experiment was conducted for 6 years (2002) (2003) (2004) (2005) (2006) (2007) on two separate commercial cotton fields at Coffeeville (33.97 c N. 89.68° W, 71.2-m altitude) on an Ariel silt loam soil (coarse-silty, mixed, thermic Fluventic Dystrochrepts) under no tillage (NT) and at Cruger (33.30 0 N, 90.23 0 W, 32.9-m altitude) on a Dubbs silt loam soil (fine-silty, mixed, active, thermic Typic HapludalfsJ under conventional tillage (Cn system. Conventional tillage at Cruger, which included in-row sub-soiling in the fall implement. loosened an area approximately 8 cm wide and 36 cm deep directly under the row, disrupting the possible hardpan and hip ping up the previous year's bed. This was followed by rehipping in March. The final operation in the spring was applying and in corporating litter by knocking down the raws and firming and So;1 Science • Volume 176, Number 12, December 2011 smoothing the bed for planting. The locations were different in terms of cultural practices such as tillage, row spacing. cotton cultivar. planting date. litter application date. harvest date, and commercial fertilizer treatments. Experiments were independent from each other, and measured variables in the two locations were not compared with each other but evaluated separately (two separate experiments). In 2002, before applying treatments. background soil samples were taken at 0-to l5-cm depth and analyzed for background fertility levels. Initial soil chemical. physical, and biological characteristics for both locations are shown in Table I .
Experimental Design and Treatments
The experimental design was a randomized complete block with six treatments replicated four times at both locations. The treatments included fertilization with 0, 2.2, 4.5, and 6.7 Mg ha-] broiler litter; 4.5 Mg ha -I litter plus 67 kg ha-I N as urea am monium nitrate (VAN) solution; and conventional N-P-K fertili zers as standard (SID) treatment at the rate of 134 kg N ha -I at Cruger and 118 kg N ha -! at Coffeeville as recommended by the Mississippi Soil Testing Laboratory. The source of N was VAN sohJtion (32% N) . Fertilizer N was applied using a liquid fertili zer applicator equipped with coulters that opened slits about 0.15 to 0.20 m away from the row centers into which the VAN solution was injected to a depth of approximately 0.1 m. Fertili zer N was side dressed at early squaring. In addition to fertili zer N, the STD treatment at Cruger also received 0, 20, 0, 15, 0, and 14 kg P ha -] as triple superphosphate (046-0, N-P 2 0S-K 2 0) and 140,98,93.75,75 , and 93 kg K ha-1 as KCI (0-0-60, N P 2 0 s -K 2 0) in 2002, 2003, 2004, 2005, 2006, and 2007, respec tively. At Coffeeville, the SID treatment received P at the rate of 67, 45, 0, 0, 0, and 72 kg ha -I as triple superphosphate, and K at the rate of67, 90, 135, 161,222, and 154 kg ha -] as KCI (0-0-60, N-P 2 0S-K 2 0) in 2002, 2003, 2004, 2005, 2006, and 2007 , respectively. Phosphorous and K fertilizers were broadcast by hand before planting each year. Broiler litter was obtained from a broiler producer in central Mississippi. The rates were determined based on fresh weight as obtained from the pro ducer. Broiler litter was applied within 10 days before planting at Cruger and within 25 days before or after planting at Coffeeville each year. At both locations, broiler litter was surface broadcast in spring using a commercial fertilizer spreader equipped with ground speed-sensing radar, an electronic scale, and a rate-control computer system (Barrons and Brothers, Inc., Gainsville, GA). For the tillage system, broiler litter was incorporated within I day of application to a depth of approximately 0.1 m using a rolling cultivator at Cruger. AI both locations, broiler litter samples were taken after each application and analyzed for chemical analysis. The basic properties of broiler litter and the total amount of nu- 
Soil Sampling
At both locations, soil samples were taken after harvesting cotton in October 2007 from both continuous and dIscontinuous broiler litter application plots. Soil was sampled from the center of each plot to 6O-cm depth and divided into 0-to 15-, 15-to 30-, and 30-to 60-cm increments. Six cores (2.5 cm in diameter) were taken and composited for each plot and depth in the field and mixed thoroughly, and a representative sample was taken and placed in sealed plastic bags and transported on ice in a dark cooler. Each soil sample was divided into two sets .of samples; one set was used for microbial biomass C and N determination kept field-moist. and the other set was air dried for nutrient analysis.
Samples used for microbial activities were sieved to pass a 2-mm mesh to remove roots and large organic residue, stored in poly ethylene bags. and kept under short-term refrigeration at 4°C before analysis.
Laboratory Analysis
Nutrient concentrations in broiler litter were determined annually. Total N and total C contents in broiler litter were de termined on air-dried samples using an automated dry com bustion C/N analyzer (model NA 1500 NC; Carlo Erba, Milan. Italy). Total P content of broiler litter was determined by dry ashing a I-g sample according to procedures outlined by Issac and Kerber (1977) and measured using inductively coupled argon plasma spectrophotometer (Thermo Jarrel Ash; Iris Ad vantage ICp, Houghton. Mich). Soil samples were analyzed for total C. total N. Mehlich III P, NO)-N, pH, total microbial bio mass C. and total microbial biomass N. Soil pH was determined by weighing 10-g air-dried and fine-ground soil in water using a glass electrode and 1:2 soil-water ratio (wtlvol) (pHlECrrDS meter model HI9813-0; Hanna. Woonsocket. Rl). Total C and total N in the soil were determined from 60-to 80-mg air-dried. finely ground soil (to pass 2-mm sieve) using a ThermoQuest (CE Elantec, Inc .• Lakewood. NJ) ON analyzer.
www.soilscLcom I 669 Initial soil samples taken in 2002 were used to determine soil texture by measuring particle size analysis using a modified hy drometer method (Gee and Bauder, 1986) . Forty grams of 2-mm sieved dried soil was pretreated with 30010 (wtlvol) hydrogen peroxide to oxidize the organic matter. Following chemical and physical dispersion ofthe samples as described by Gee and Bauder (1986) , samples were transferred to 1,000-mL sedimentation cy linders. After thorough mixing ofthe soil suspension, the cylinder was left undisturbed for exactly 8 h; the suspension density was then measured with a hydrometer (ASTM 152H Bouyoucos style) reading the upper edge of the meniscus. The hydrometer reading corrected fur a blank cylinder was used to calculate the clay frac tion in the sample by dividing the difference between the hy drometer reading of a sample and the· blank reading from the initial sample weight and mUltiplying this number by 100. Next, the contents of the cylinder were filtered through a 45-J.l.m aper ture sieve (mesh 325) to retain sand particles. The sand retained in the sieve was oven dried and weighed. The proportion of sand in each sample was calculated as net sand weight divided by the 670 I www.soilsci.com initial weight ofthe sample (40 g) multiplied by 100. Silt fraction was calculated by subtracting the percentages of sand and clay from the initial sample weight.
Soil bulk density (0-10 cm) was determined as described by Stone (1991 ) .) Soil cores were collected from the 0-to 15-cm depth using a typical handheld, hammer-driven, double-cylinder core sampler (Blake and Hartge, 1986) . The core weight at field moisture and after oven drying was determined, and the dry bulk density calculated by dividing the mass by the volume of soil.
Soil NO)-N was determined by extracting soil with 2 MKCl (Keeney and Nelson, 1982) (I: 10 wVvol mtio). Ten grams of wet soil was weighed into vessels, and 100 mL of 2 M KCL was added; the extraction vessels were placed on a reciprocating me chanical shaker and shaken for 30 min, filtered using Whatman filter paper no. 42, and nitrate·N content of the extract was de termined using a Lachat instrument (QC 8000 flow injection an alyzer: Lachat, Loveland, CO). At the same time, soil moisture was determined, and soil N~-N was recorded on a dry-weight basis. To determine soil test P level, 20 mL of the Mehlich III extracting solution (Mehlich, 1984) was added to 2-g air-dried soil, dispersed for 2 min, followed by shaking the samples for 5 min at 200 revolutions/min (r.p.m.) on a shaker table, filtered using Whatman filter paper no. 2, and the extract was analyzed for P using an inductively coupled plasma spectrometer (Thermo Jarrel Ash ICP; Iris Advantage ICP).
Soil microbial biomass C was determined using microwave irradiation procedure (Islam and Weil, 1998) . About 20-g oven dried equivalent of field-moist soil was taken and adjusted to 80% water field porosity by adding distilled deionized water as needed. Soil was irradiated in microwave for a total energy ex posure of800 J g-1 for 2 min. The soils were allowed to cool and the moisture content before and after microwaving was deter mined to calculate moisture loss. Control samples remained at room tempemture and were not exposed to microwave irradiation. Exactly 5-g oven-dried equivalent of microwave and field-moist untreated soils were placed in 50-mL polycarbonate centrifuged tubes with 20 mL 0.5 M K 2 S0 4 (PH 7.0) and extracted by hori zontal shaking at 250 r.p.m. for 60 min. The soil suspension was centrifuged at 1957 g for 5 min and then filtered. A few drops of concentrated sulfuric acid (5 mL L -1) were added to the filtrates to inhibit microbial decomposition of organic C. The acid-treated filtered extracts were frozen until analyzed. Total C in the extract was determined for both microwave treated and untreated soils using a Shimadzu TOC-VCPH combustion oxidation TOC ana lyzer (Shimadzu USA Manufacturing, Canby, Oregon). Total mi crobial biomass C was determined from the difference between the extracted C in microwave-treated soil minus the extracted C in field-moist untreated soil. In the same m31mer as for microbial
Broiler Litter Application to Cotton biomass C, total soil microbial biomass N was measured by microwaving and extracting with 0.5 M K 2 S0 4 . Total N in the K 2 S04 extracts from microwaving and field-moist Wltreated soil was determined according to Pruden et al. (198S) . Total microbial biomass N was' calculated as the difference between the concen trations of TN in the extracted N in microwave-treated soil minus the extracted N in field-moist untreated soil.
Statistical Analysis
At each location, the data were analyzed with an analysis of variance for the randomized complete block design using the mixed-model analysis of SAS (SAS Institute, 1996) , with fertil ization treatments as the fixed-effect factor and replication as the random-effect factor (Little et aI., 2(02). Data from continuous and discontinuous plots in 200S-2OO7 were analyzed separately. Results were declared significant differences at the O.OS proba bility level otherwise specified.
RESULTS AND DISCUSSION
Coffeeville
Soil pH
For continued plots, soil pH at the 0-to IS-cm depth was significantly increased with increasing broiler litter fertilization as compared with the control. At the highest rate of6.7 Mg broiler litter ha-1, soil surface pH increased by 1.14 U after 6 years of application (Table 4) . Broiler litter acted as a liming agent on soil surface pH, which has been attributed to the effect of calcium carbonate added in the poultry diet as a source of calcium (Hue, 1992) . Continued plots with inorganic fertilization resulted in reduction of soil pH by 0.23 U at the 0-to IS-cm depth compared with the control because ofthe acidifying effects of the long-term addition ofN fertilizer (Bowman and Halvorson, 1998) , but the differences were not statistically significant. Three years after broiler litter had been terminated, broiler litter still had liming effects. At the 0-to lS-cm depth, soil pH was higher than control in plots receiving litter at rates greater than 2.2 Mg ha -1 .
Soil Total C and N For continued plots. total soil C and N increased linearly with increasing broiler Jitter applications (for total C, Y= 7.27 + 0.S4X,,). =0.9S; and for total N, Y= 0.S9 + 0.096X,? =0.91) at the 0-to IS-em soil depth (Table 4) . Soil total C and total N content reached as high as I I .OS g C kg -I. and 0.98 g N kg -1 at the highest broiler litter rate of 6.7 Mg ha -I. This rate applied an average of 1O.2S Mg C ha-I and 1.214 Mg N ha-I after 6 years. After 6 years of broiler litter application at the highest rate of 6.7 Mg ha-1, soil total C and total N increased approxi mately by 52% and SI% as compared with the control (lI.OS vs. 7.29 g kg -I for total C and 0.98 g kg -I vs. 0.6S g kg -I for total N). Consistent with our results, Parker et al. (2002) re ported that application of poultry litter to cotton at the rate of 6.7 Mg ha-I for 3 years significantly increased soil C by 26% at the 0-to IS-cm soil depth over the control. At rates greater than 2.2 Mg ha-I, total soil C was significantly greater than in soils receiving inorganic fertilizer (Table 4) . However, no differences in total soil N were obtained between broiler litter and chemical fertilizer. For discontinued plots, the residual impact of broil lit ter application at rates greater than 2.2 Mg ha-I had significant effect on total C and N. Their magnitudes 3 years after broiler litter was last applied were still greater than the control. However, no difference was obtained among the broiler litter treatments. Averaged across broiler litter rates, total soil C and N were greater by 18"10 (8.59 vs. 7.29 g kg -I) and 22% (0.79 vs. 0.65 g kg -I) (Table 4) , respectively, compared with the control. This indicates that residual impact of broiler litter increases soil total C and N contents and maintains soil fertility levels 3 years after the broiler was applied. However, inorganic fertilizer treatment did not have any residual effects on total soil C compared with the control (7.37 vs. 7.29 g kg -I, respectively) ( Table 4) .
Soil Microbial Biomass C and N Similar to results on total soil C, soil microbial biomass C and N concentrations were significantly increased with increas ing broiler litter application at the 0-to IS-cm soil depth. Soil microbial biomass C and N ranged from 272 and 26 mg kg -I to 481 and 36 mg kg -1 for the control and broiler litter application at the highest rate of 6.7 Mg ha -I, respectively (Table 4 ). The quantity of C applied to the soil by broiler litter could have pro vided C substrate (Islam and Weil, 2000b ) needed for mainte nance of the larger microbial biomass C in soils receiving broiler litter. Soil microbial biomass C concentrations in the plots re ceiving broiler litter al a rate greater than 2.2 Mg ha -1 were higher than those in plots receiving inorganic fertilizer N-P-K. This was possibly related to the lower availability of C in long-term inor ganic fertilizer application, indicating that C is a limiting factor for soil microbial activities. However, this pattern was not ob tained for microbial biomass N, but the effects of both broiler litter and inorganic fertilizer on microbial biomass N were greater than the control. Our results are in agreement with Backle et al. (2000) . who reported that soils receiving animal manures have a larger microbial biomass C pool than the same soils receiving inorganic fertilizer. Continuous application of inorganic fertilizer for 6 years significantly increased soil microbial C and N at the 0-to 15-cm soil depth as compared with the control (Table 4) . The residual impact of inorganic fertilizer on soil microbial bio mass C was greater than control, but no differences were ob tained for microbial biomass N. For discontinued plots, the residual impact of broil litter application at rates greater than 2.2 Mg ha-I had a significant effect on microbial biomass C and N. Their magnitudes 3 years after broiler litter was last applied were still greater than the con troL Averaged across broiler litter treatments in the discontin ued plots, microbial biomass C was 36% (371 vs. 272 mg kg -I I, and microbial biomass N was 15% (30 vs. 26 mg kg -I) greater than the control, respectively. indicating that broiler litter appli cation maintains increased microbial activity, a key indicator of soil quality, 3 years after broiler litter was last applied.
Soil Phosphorus
Continuous annual broiler litter application for 6 years re sulted in large inputofP (555 kg ha-J ) in the top 0-to tS-cm soil depth at the rate of 6.7 Mg ha -I (Table 3 ). In 2007. soil test P levels linearly increased with increasing broiler litter applica tions (Y = 17.5 + 11.2X, I). = 0.97) and ranged from 21.7 mg kg-1 for the control (0 Mg ha -I) to 96.6 mg kg -I for broiler litter at the highest rate of 6.7 Mg ha -I. The net increases in soil test P levels at the 0-to IS-cm soil depth were 16 and 75 mg kg -1 for the low (2.2 Mg ha-I ) and high (6.7 Mg ha-I ) rates of broiler litter applications. Similar to the results of this study, in a 6-year study. Akhtar et al.(200S) reported that water-soluble P at the 0-to I 5-cm manured soil was four times greater than non manured soil (13.9 vs. 3.2 mg kg -I, respectively). Increasing soil P in the top 15-cm soil depth with increasing broiler litter ap plication to cotton under NT system results in increasing the potential P loss through surface runoff. Considering the aver age P uptake values at physiologic cutoff and I5 kg ha-1 P removal in seed cotton as reported by Dorahy et al.(2oo4) . ap proximately S years ofcrop removal is needed to reduce soil test P levels from 97 mg kg -I to the original 31 mg kg --I that existed before broiler litter application at Coffeeville. Similar to soil test P levels. the total P concentrations increased linearly with increas ing broilerIitterapplications (Y= 187 + I 43X, ,.c = 0.94) ( Table 4) .
Three years after termination of broiler litter, the soil test P level stayed high as detemlined by the Mississippi Soil Test Laboratory. The residual effects of broiler litter increased soil test P levels as compared with the control. but the differences among broiler litter rates were not significant (Table 4) . Aver aged across the rates, residual broiler litter maintained soil test P levels 59% greater than the control 3 years after temlination.
672 I www.soilscLcom indicating that soil test P levels_ remain elevated several years after termination ofbroiler litter application at the agronomic rate for cotton. At Coffeeville. since inorganic fertilizer P was applied based on soil testP levels every other year. the residual value of inorganic fertilizer did not elevate soil test P level. and its mag nitude was not different from the control (Table 4) .
Soil Bulk Density
Soil bulk density was determined before conducting the ex periment in 2002 and at the end of 6 years in 2007 for the 0-to IS-em depth in both continued and discontinued broiler litter applications. Application of broiler litter at rates greater than 2.2 Mg ha -I reduced bulk density from 1.34 g cm -I in the control to 1.28g cm-1 for 6.7 Mg ha-I treatment (Table 4 ). The reduced bulk density was likely due to increasing soil C with increasing broiler litter applications (Table 4 ). In discontinued plots~ although broiler litter had not been applied for 3 years. soil total C was still significantly greater than the control (Table 4) . Despite the total C contents being higher in discontinued than in control plots for 4.5 and 6.7 litter treatments, soil bulk density in discontinued plots was not different from the control. which may be related to the reason that the magnitude of soil C was not enough to affect soil bulk density (Table 4) . These results are in agreement with the results of Brye et al. (2004), who measured soil bulk density in three locations receiving poultry litter and reported that poultry litter did not affect soil bulk density in the top 10 cm at any ofthe three study locations.
Cruger
Soil pH
Continuous application of broiler litter to cotton under till age system for 6 years resulted in increasing soil pH at the 0-to 15-cm depth compared with the control. No significant differ ences in soil pH were observed among broiler litter application rates (Table 5) . Averaged across the broiler litter rates. soil pH with continuous broiler litter applications was greater by 0.65 U than the control (6.1S vs. 5.50).
In discontinued plots. no differences in soil pH at the 0-to 15-cm depth were observed among broiler litter rates. Averaged across broiler litter rates, soil pH was greater by 0.36 U than the control 3 years after termination of broiler litter (S.86 vs. S.50). Commercial fertilizer N-P-K in both continued and discontinued plots did not affect soil pH, and no significant difference in soil pH was obtained between terminated broiler litter treatments. (Table 5) .
Soil total C and N reached as high as 8.92 g C kg -1 and 0.89 g N kg -I at the highest broiler litter rate of 6.7 Mg ha -1 y-I with a 6-year total applied C of 9.8S Mg ha -I and total N of 1081 kg ha -I. Compared with the control. soil total C increased by approximately 25% (8.92 vs. 6.68 g C kg -I) and total N increased by 33% (0.89 g N kg -I vs. 0.60 g N kg -1) after 6 years of broiler litter application at the highest rate of 6.7 Mg ha -I . Total soil C was significantly greater in the soil receiving broiler litter than in the soil receiving inorganic fertilizer (Table 5) . Con tinuous application of inorganic fertilizer to cotton for 6 years (2002) (2003) (2004) (2005) (2006) (2007) did not affect soil total C at the top 0-to IS-cm soil as compared with the control (7.13 vs. 6.68 g kg -I). However. total N in the topsoil was greater with inorganic tertilizer N than the control (Table 5) . [2002] [2003] [2004] [2005] [2006] [2007] . and 02.2. 04.5, and 06.7 received 2.2.4.5. and 6.7 Mg broiler litter ha-I y-I for 3 years (2002) (2003) (2004) followed by 3years of no further broiler litter application (2005) (2006) (2007) . Means in a column followed by the same letter are not significantly different (P 0.05).
MBC: microbial biomass C; MBN: microbial biomass; N TSP: soil test P level; TP: total soil P.
Three years after termination of broiler litter in discontinued plots, the residual impact of broiler litter had no effects on soil total C and N as compared with the control (Table 5 ). This could be related to the physical disturbance and practice of plowing the soil (Six et aI., 2000) at Cruger location. which increased the po tential oxidation of soil organic matter and increased soil Closs. Quincke et a!. (2007) reported that an immediate increase in CO 2 flux from soil is expected after tillage as CO 2 is released with the breakup of soil aggregates and later with increased microbial activity due to greater access to labile soil organic C and increased aeration. In the discontinued plots that received no fertilization but were planted with cotton for 3 years from 2005 to 2007, broiler litter did not have significant effects on residual total soil N, and no significant differences in soil total N were obtained among treatments. Averaged across the broiler litter treatments. the mag nitudes for residual soil total C and N were not different from the control (Table 5) (Table 5) .
In discontinued plots, the residual of broiler litter did not have any significant effects on soil microbial biomass C and N as compared with the control at the 0-to l5-cm depth. Because soil C is a substrate needed for maintenance of microbial activities (Islam and Weil. 2000b) . the lack of biomass C in terminated plots under tillage system could be related to lack of enough C for microbial activities.
Bulk Density
At Cruger location. broiler litter application in both con tinued and discontinued plots did not influence soil bulk density (Table 5) .
Soil Phosphorus
Continuous application of broiler litter for 6 years (2002) (2003) (2004) (2005) (2006) (2007) at the rate of6.7 Mg 3 ha- (Table 3) . Because the NIP ratio in broiler litter is greater than cotton NIP uptake, application of broiler litter generally resulted in soil P accumulation. In 2007. soil test P levels increased linearly with increasing broiler litter applica tions (Y '" 60.2 + 13.3X,? = 0.97) and ranged from 55 mg kg-I for the control (0 Mg ha -I) to 146 mg kg -\ for broiler litter at the highest rate of 6.7 Mg ha -I. After 6 years of broiler lit ter applications, the net increases in soil test P levels at the 0-to 15-cm depth were 42 and 91 mg kg-1 forthe low (2.2 Mg ha -I) and high (6.7 Mg ha -I) rates of broiler litter applications. Sim ilar to soil test P levels, the total P concentration at the 0-to 15-cm depth increased linearly with increasing broiler litter ap plications (Y = 659 + 94X,? 0.96) and ranged from 608 mg kg-I for the control (0 Mg broiler litter ha-I) to 1268 mg kg -1 for the highest broiler litter rate (6.7 Mg ha-I) over 6 years (Table 5) .
Three years after discontinuation of broiler litter. soil test P levels were significantly greater than the control, but no differ ences were obtained among the broiler litter rates. Averaged across the rates, residual broiler litter increased soil test P levels by 65% compared with the control (91 vs. 55 mg kg -I) (Table 5) , indi cating that soil test P levels, unlike C and N. remain elevated several years after termination of broiler litter application. No significant difference in soil test P level was observed between inorganic fertilizer treatment and the control, indicating that fer tilizer P application maintained soil test P levels 3 rears after cessation offertilizer P application (54 vs. 55 mg kg -). For dis continued plots. at rates greater than 2.2 Mg ha -I, averaged across broi ler litter treatments, soil test P levels were still greater by 65% as compared with the control (91 vs. 55 mg kg-I) (Table 5 ).
Postharvest Soil NOrN
At both locations. averaged across treatments. soil NOyN concentrations were reduced with increasing depth (Table 6) Three years after terminating broiler litter, residual N0 3 -N in the soil was much lower than that in the plots receiving con tinuous litter. There were no significant differences in residual NOrN among the treatments except for 4.5 Mg broiler litter ha -1 plus 67 kg N ha-1, which had the greatest value. Averaged across broiler litter treatments, residual N0 3 -N from applying litter was greater by 46% and S2% than the control at Coffeeville and Cruger, respectively. This indicates that, 3 years after termination of broiler litter application, potential mineralization of organic nitrogen (Reddy et aI., 2009) and carryover N from previous years resulted in greater nitrate than the control and inorganic fertilizer treatments. Based on the results observed in thus study, it seems that building of soil fertility is nOt without potential hazard from leaching N0 3 -N, Cotton Yield .
Cotton yield section of this study was already published (Tewolde et aI., 20 II) 
CONCLUSIONS
Our finding indicated that long-term repeated broiler litter applications to cotton increased total soil C, N, soil microbial activities, soil test P levels, and postharvest residual soil N0 3 -N at both locations. Repeated broiler litter applications to NT cotton resulted in reducing soil bulk density, The postharvest residual N0 3 -Nin both locations for4.S Mgha-I plus 67 kg N ha-J and fanner SID treatments were similar, indicating the potential re placement of broiler litter treatment with inorganic fertilizers N. Tennination of broiler litter res\llted in detectable, positive resid ual effects on soil total C and N, soil microbial biomass C and N, and soil testP level, which remained elevated in the subsequent years in NT field at Coffeeville. Averaged across terminated broiler litter rates, soil test P levels were 37% greater than the control at Cruger location. Results obtained from this study pro vide useful information for producers, farm advisors, and gov ernment regulators for their nutrient management plans.
